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Development and Evaluation of the RZWQMCROPGR()

1-1hrid lt)(lel for So beau Production

L Ma G. Hoogenht mm, 1., R. Ahut, D. C. Nhrlsen, arid 1, C. Ascough El

ABSTRCT

It is e moton for stir ru oral ss stein oltIurs to erlisner- their

toodefs 5 learmng from other models and Inc rporatlng the best

statesof4he-scienee into their models. In this studs, the cRop(;Ro
plant gmoth motlrl of I ‘Orion Support S’stepn for -groiuchiiologv

Tran’Jer il)%S\ I us’, tiukd to the Root /one W alec Ottalits

Model I R/WQM to provide RZ1 QM users an option of using

tROPGRe). in the hybrid model, RZ.WQtvi supplied CROPGRO

with daily soil water and ‘, soil temperature, and potential evapotraospi

rattin t P1-. Ii sslwrra’, S ROPC Rt ) supplied RLWQl with dads iter

ad ‘s uptake and plant rtovth .aOable”, 1 lie RtW t.)’iT’(ROP(,ltt)

hybrid model wa’, then evaluated against the original CROPCR0

soybean model using several data sets from the literatitre, These data

sets represented aemus dronithi conditions, Results showed that the

RZWQ%l(’ROP(.RO hbrid mold sinimilaled hiher ualer rOess

than the original l)ss\1-uRop(;Ro model because oi higher I’Fl

thnulated by RZtM, especially nuder semiarid climate, conditions,

Therefore, it was necessary to make some adjustments in the hybrid

model under des and sOnd’ conditions, eg.. usin a different lower

limit of plant available naler is l)SS T, The hyl,rid model rOth a

more detailed soil water balance calculation mmnJ affected oil ssater

prediction at the top 6(5cm soil profile where soil water was more

dynamic, This study demonstrated a successful linkage between

R/WQM and (‘ROP(,RO. aiid the Ri1 QM.(fROPGRO hybrid

model pros ides misers rOth a tool lii conduct detailed siniulation of

crop production in addilion to addressing Water qualit concerns, I his

study also demonstrated that, when building models from various

sources, compatibility of the interacting modules should lie ensured.
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Althouh models are a synthe.r.is and qua.nt.ifi.cation.

f or t now pros mar g I mb tame mt phvic 4 mod
eiicieti in en ,terieuiiui a1 state based a

cmi cxpe’nr atalenos’, lade,
01. the or odeis vary wideig depending on th.e ableetivas
and timef:rame of i.he model dave.1 pars (]Via and S.haf4

i 2isu Mt C i ii I Aii flt Mt 5 0 icult, cii

scriens emodeis ue eooipoiiants. 1cm ,thcr citiciiii

moo jets tO save daveicipimme at me F” m exatr pie. the
on gin d sovhu en o s ma IL \larm er L oars
a de QYC Ff4 Lcl mard r 0 rs 1 oi k r

us,,’J the oiI w,ter nd \ balance cr’ompnent :1cm

the CERE-Smctare model Hooctanboc.nie-t
and was released as pa.rt of .DSSAT v.3,5 (Tsuj.i at al,,
1994; .Ritehie. 19he: Boote at al,. 10014 ‘Hoogenboom e.t

F itli. 3 1 ij \,

t p ts, t F \ t I, P” 1 “ Ii ii I iS’s

p:tckage (Gijaman at aL 2002: J5105•’5 at 511,, 2003).
at al, (2005) demonstrated a successful linkage between
RLXM’4\1 end the C ISRI S m op at arth rio Eel 0t

DSS\i
itt this study, we further developed a litilcuge hetss ccii

the USDA-’ARS RZWQM tAhuja at al,, 2000) and

CROPGRO model of DSSAT v3.5 (Hoogenhoom at
al.. 1090: J’suit el iii., 1004) to implore iears ot plant
growth modelin experience of the DSS A I’ developers

in RiWOM. Although the generic plant growth module

in RZWQM is adequate for simulating corn (Zea mawr
ml iti mh ii 1 1, ‘ I

- •,- ii I “) ii’ ,,,

I ,mhe i5v. mill 0 a or Ri r\ Q’ e

simulate yie.id eompone.nts arid is weak in phe.noiogy

a ulati in 3 bus 1 is of t in T5t for R7Vs ‘3M
ta have an ‘muoo 10 usc- i’.hc CRi.)P(’i’R(’) rot

—
5, tt is hi t I

ve.iop a.nd. evaluate the RZWQMC.ROPG.R() hybrid
model, using svehedoeumanted data sets a.n.d to i.denti.fy

was to demonstrame the poteotiai in iink 4’’ the “ctri)’

a dJing am ipone irS ii a ar n a 0 1’ mdci art ii a
cling rcvstenrs ii lmprovc the :-mp. plieahihtv of both mnode’ls.

THE RZWQM.UROI’GRO HYBRID MODEL

in the RZW(4F4-C’ROPG’R(’) hybrid, model. we kept
a tr’ . I Cdl )‘P( i ‘F I’) as or rich as arssi 1’ cs ha.

Abtirrivitititus; rival, ,:-ii.: ipia.ia:spa:ian. [)eas,.\’F,
iv ci ‘islam’ vS itedi iS ii, iv DII uric,.

I S I.,. it u t h, I I i 1 ii r iii a i i t is i hi s ci

1.1 :5 tm’rlkpa,, “ Ii -c’ c’’,s’a air’ yPF’I’ a a hail
/5 1 1

\I.-,i,’ ShOt u..’ rumS i,
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l’erceHt3gv
‘l’reabnen( (:‘:standard error) Valor error

kg isa kg ha

0819854 128752) 1259 208
I 81985.2 1646 (49) 1464 11.06
I %JJS 4 Ii 30’ (11

8(065,4 2sTi - 2704 3.21
%l986l 595 1:471 253 -1.89

060-2 ‘167 (15!. 843

(.81956-3 25-4-4 42..) 709 11.4!

(.81986-3 2135 1 5(6) 2266 6.14

00, soil lower limit of plant aw 64! water.

Table.. 4 Averaea rurnulaf ad AFT wa° 41() mm durinit
tic $CiiSi)fls tEIL!. -1 .-\ hnu

-s —

than twist obsersciiiuns (Fig. 4). Thera.tire, some cdjust

ments were needed to account for t.he simulated. [.u.gtier

dl T n RI 4s ()M ( ROP( P0 113 ,dcl P 1 the ‘A on

CO studs
1(1 !fllJu’\-c “illltILiih’fl 1,N4-ili il71iIi R7WO\f-

I’ll ) (il( 1 1 id 14 4-Jt[.,i ([1 1’ 1 II I 4 ._1 i

11)111 Ole ‘.lii.i1iIs.”.s:rlil-- \\ :1i.iC-’ n,:111c.J. ‘7:: elu—

clad tOe pos,ihiiiiv el usinL .i d)ftarent I L ifis tellSCti

was t..hi.it, 0 R7WviCR0P0R() FL wi.is used both

is tac ma Ii lit if 711131 ml ihh. in nd o

sisil water content at I 500 k Pa, The latter determined

a I

il

1 1 1)11

I I 4.. .57 I i. 1. ‘“Lii i.1’ ‘ii ,is ‘ fl

J II iil,ihl oh1 0 (1,, I 0 ii “tI tl i’ 1

.1 ‘ip’\ si It> ‘t Ot ii’. ii ‘1 4’ 25’’ a4’
‘lit I ‘10 ‘ fl “.1111 i 4 0 a ,. InFO I ,o

I ( N.R( i 1-f \I ( lift) t

1 able 3. .mnIunel sos bean prntlilcion.s 11001! 1)SSAT’( R01525R() and IlL V Ql—(R(>PGR( models Law (he (;4i41CSVill, Ii. sloth.

F’r-rtai.r 1 l’tict (Ia!..’ I
I 4’. 4. 1-. / (4 4474 1 iii ill II hr hill H rr r

It ,
j 7 II S I hr I 41,14 hO 4 1 014 RI’ I iT.! ‘ 4. I t

1978.1, (55 mu irrigation po4 Odd 1 kg ia 1 40(1’) 3733 3723 646 7,13

seed yield (kg h. 4 3041 2441 2795 6.58 8.09
seed nomber (no, in 4 2223 1991 212-5 0944 44>
maximum LAi (in cm 4 4.67 4.96 5,46 4,93 16,52

hat-rested blomass (kg (ra 6068 4775 5932 4.78 --- 2.24
pod Odd (kg ha 4 1(4(2 1485 1713 7,3(4 1.713

“cr0 sold 4kg ha
((8.. 1(244 (2(12 -4.92 7(3

‘red number no. tO 9(11 511 (ij(7 13,11-.!

nxim.jm I 54.! ,in ti 4.514 4.4(4 5, (5 14,44 (3.44

8th.. rI,-d I flaw ik’ ha ( 1.491 113 .5455 9.1,4 hh,
(7

pill sOld kg h, 4 3734 3732 1.21 3,117

Ire4 yield (kg ha 4 21491 291,1 3(476 2.42 6.30
seed number too, m 4 1765 1950 2030 10,44 (5,01
maxmnam LAI (cm’ cm 4 4.71. 5,4.1. 5.52- 14.86 1.7.20

hai-es1ed biomass (kg ha 4 5781 6147 6368 6.33 12515
pod y1eld (kg ha 4 3755 37(46 3484 ---1.36 ---7.22

semI Ot’ld (kg ia 0 2483 2432 1756 1.7(1 3.41

“erd ,ai,mbcr 1 u.. mO 1427 1949 (797 5.1.3 (4.3

i 37 .4 (1 1

l,arsrOed hiunat” (kg ha 5534 57149 3957 4,nI (44.43

1781—I, 237 inn lot! irrigaii.o pod teId 1 kg ha 4521. 3o17 14”7 2.23 (4,1.3

st-i’d yield (kg ha 35442 36544 3496 4.23 14,17

seed mtmbe.r (no. in - 2374 2280 2344 4,55 1.26

niadmuni (Al (cm1 cm 4 6.25 5,6(4 5.63 10,40 992

harvested biomass (kg 8w 4 6851 6720 6478 1.8.1 ---5.44

pod ShOd (kg h.4’) 4403 42140 376is 2.79 14.49
seed yield (kg ha 1 3355 3357 2891) 0.116 - 13,86
‘red nuniher (no, ii. ‘1 2175 24(68 24165 -- 5.92 -. 5.92

inastinom I “.1 40 lii 444. 4 43 1.1 1._Il II 9c

I, , r ltd (.,..m i k,, ha 144 1 “4” It 1 9)

4 0.1 1 1 J irng it. i it! p 1 s it-Id I ki, ha I ‘6 JO 4 I I 44)41” 14 3 4 4

reproductisr ..tress ..eed Odd 0( ha - 2738 32u4 )9145 19,21 9.75

seed a.nmher 4-11(4. in 54 2119 2263 2343 6,84 lO.82

niaimum IA! (cm1 cm 6,25 5.6(4 5.63 ---(0.40 - 9,92
harvestt-d bhInlass (kg ha 1 5881 6217 5978 5.71 1,65

LA!, leaf ,mm’ea index,

Fable .1. simulated soybean seed leld using DSSAT-(.ROPGR() and RZWQM.CROP(;R models for the Akron. 1Sf) study,

R/.WQM.cROI’(;Ro 4!! from 1)554.14

DSSAT-47Il()P(,R() .1easured wind speed 14414 kmn/d wind speed

Percentage Percentage
Value error Value error

kg 8w’ 25 kg ha

963 ----25.17 1486
105% ---35.72 (727
1454. --38.79 2338
17(4! 36,44. 25(3
4(1 ---344.91
5.35 - .14w’ 1482
777 39.35 15644

(172 45(1 2345

7Vith niodihied 1,1.

Percentage

Value error

kg 1a25’ -:15,

1385 7.61
1545 6,14
24436 --(4,06
2384 10,95

‘84 25.40
023 4,55

13’(4

2(71 1.69



U)
V

t
ic

y
)

jU
(1)

1
2

t-
i

V
)

Vt

o
2

(90

—
to

ty
V

t_
-

Vt

u
i
n

•00)
0

‘(9
—

-

n
U

N
.
:

I2
U

0
V

t
-

U)
2

9
c

99
EE

0‘C
0

0
Vt)

U
cc

V
t

—
V

t
—

ID
U:

<
U

V
)

(9
—
2

t
2

E
2

2
2

cc
U

—
V

Vt

ipp
)
2

i
p
t

•
w

lirIrliirIF
lIflrA

ip
flF

W
lV

’lflW
llflW

w
‘F

l’t
ip

r
w

r
‘IfrW

W
V

V
V

V
V

t
V

t
V

9
c

I
r

)
)

&

&
)&

a
0

o
a

—
V

t)
V

t)
&Vt&

V
t

V
t

&VVV)&
&

V
t&

Vt
V

t

:
4

4
—

N

5)9)
SSVV:VVO)9]

pV
V

tV
::V

):oocV
q5

)1c
o

:V
.•)SC

V
)V

•:V
)5

p
u
))c

b
V

3
A

.c
q
0
9

Cc
c

cc1;in
I

‘N
N

4V
t.

V
t

V
t

ç
c
q

8)9)
0
s
9
w

0
5

9cn0j85.ooqV
9

ci
)0

9:
V

i

Vt
Vcc

V
t..

—
V

t
ycy

_
.

a
.

:2
cc

I
.

o
•c.

a
.

V
t

N
.

&
.

.

0•’
‘V

t

Vt

I
t

99tOcc

‘V
.

V
V

190
c
c

/

V
.
,

Vi

o
,

V
t

‘N
I!

)&V
:5

)
V

t
V

t(9

IS

_

Vt
‘V

.
.

“
2

14)

V
t

•
1&

),55)
U))

tt)V
tV

0
9
9

p
c
n

c
S

to
o
q

5
V

t
0

‘
L

e
t

cc
/

V
t

C
)

‘
V

t

:yt

It’)—
9

0

4

N
N

•

0

4V
t

0

.

2
V

t

[4

,V
tt.U

t
9

/1
0

)))’



I)

‘) ‘is
(9

1 1 uoo o 1 k 9016 11 $1 I

‘1 09’ ‘6 1 / I I I

9,’ l’11

IS
,,‘ <S

“11 ‘1 11,6 0 1 ‘1 9 9’ Plo
III 1 I 1” 1 1 I’o

6 1 ‘) 1 1 6 ‘1 1 9 I’I
16’ << ‘ Is C 1 <1 1 _ls

9 91

OS 1 <, 1 1 1 11 9 9 Is’s 5, 15< 1

‘I Lo ‘fl5 l 00 1 10 1 1 61 to I
1 1, 1

II, 1 9 1 1 1 1) To 9 I 1 9

‘5(

LI’ I I,

1 I 1 sI 1,1<’ 1 ‘s i(’(I5 5, ,,

611101 I
6 ii 1011 (15) 01 I sIn I sO 1155,0

5<’ O0S UI ,111U1’ 51 5, i5 ILL I
Jr I I ‘ r ‘i at 0 S 1 1 9 II 1 Is III’ sri’,’ 1

511111 ‘1’’’ sn 59l51Is 9,1 ‘on’ ‘i’nr i I a’ i’rbI -1,’
H rr F-i

1,61 t, I’ \ ,, Ii 611 sr,’II 1)
F’ t,i 1) \s 1) lI,ti’’r, 6 6 I do ,,nd Co if
J)unr (sPi6P6Ipii,’t 11 1 list (1)It10’I 511

‘, Ill I tnd 16 51<111 1 Is rI) i lit lilt tItlISt 10 1 1’
ill A 61 161 1 <1

r flI I L’Lp P lOS ‘1 51 l’t 591 11’ ii p
S 1 <1 sr W\l, (•i 1 5 I’

I ‘61,1 1 OS 1 ‘s’ 55<,,

sI’s , ,‘s I III 1 ii dl 11/6,1) slI 1 1 I ( Pr)

IsI 11 ‘
‘< I 14 1

,I ,0s’, (Till ,tPl I 1,15)1, 1’ (nsI, I IlI’l’’ 11111<

1 1

IS I

I, I I

1 1 1
I 11

1 S K )‘J

1 1 I I

Is 1 1

P’’s’li ‘‘1611

I I ‘t’ ‘‘<< I 9 1 Is I

Ii ) S < dl
I r IstI I ,,i

1 1 ‘ I 1 5 Ill Ill I 1 5

11 15151 ,I ‘s ‘rs 5’ II’ 5151 S 5, 55 5 11

‘I ‘II ‘rt’Lt \‘sJ tnsi 1”, ‘,\,iII5_ 1’ [1IpsItIsrlirsS,s fl5’-
I II’ iii 59 1 I 14 51 SO 5,1 95

I .1111119 6) 6 1’,l ‘5,, 1 1 6 t tI S H dl ,‘tL F 1 I’
‘thtrnltrr I III) (,i I I 1 I( II
\hujt I \I Ill 1 6 E-I II( I S rtsultar I I I

II II ii 1 1 r I I ( It I
S S II II’, 6 I’s s A I Is 1461

1 il-ItS ‘‘sI 1)1 ‘5 ‘I 11r 1’, S
‘ Is

I’ It ‘5 1 ‘‘i’’’

I
S 1

1’ 1 I ‘ ‘1


